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Abstract 
The lipoidal composition of the human eye is 

f requent ly  altered in the diseased state. Un- 
fortunately,  most of the l i terature is unreliable 
and only recently has adequate methodology been 
employed to determine the status of the lipids in 
ocular pathology. The modern studies have been 
very  useful in helping to understand the mech- 
anism behind some pathological problems and in 
a few cases, the lipoidal composition of a tissue 
has been elucidated and is presented herein for 
the first time. 

Introduction 

T 
I lE LIPIDS RANK ABIONG THE EARLIEST analyses made 
on the eye. Aside from the importance of these 

compounds in healthy living tissue, their concentra- 
tions are frequently altered in the diseased eye where 
they appear as localized deposits resulting from 
lipoidal infiltration or degenerative processes. Un- 
for tunately  much of the l i terature on ocular lipids is 
based on poor analytical procedures. Moreover, er- 
roneous animal data adds to the misunderstanding 
when it is transposed to explain human pathology. 
With new data obtained by modern analytical tech- 
niques it is possible to place the functional role of 
ocular lipids in a better perspective. 

Sclera 
The selera comprises approximately 83% of the 

outer covering of the eyeball (Fig. 1). I t  is a tough, 
white, opaque tissue with a fibrous structure composed 
of collagen fibrils imbedded in a matr ix  of mueopoly- 
saceharide. The scleral fibrils are arranged in bundles 
that  form a random pat tern  of interdigitation which 
provides the tissue with its s tructural  strength. 

Scleral pathology usually does not involve the lipids. 
In the aged, however, lipoidal deposits may appear 
that  give a yellowish coloration (1). 

Scleral lipids of the beef eye only have been studied. 
Krekeler (2) was the first to demonstrate that lipids 
occur in this tissue and that  they increase with age 
and in scleral degeneration. The only at tempt to 
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Fro. 1. D i a g r a m m a t i c  r ep resen ta t ion  of the ana t omy  of the 

h u m a n  eye showing the m a j o r  s t ruc tu res  to be considered in 
the  text.  (Cour tesy  Aleon Labora tor ies ,  Inc. ,  F o r t  Wor th ,  
Texas ) .  
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Fro. 2. Microscopic section t h rough  the normal  h u m a n  cornea .  
The epi thel ia l  l ayer  is n m l t i c e l h l a r ,  heavi ly  s t a ined  and  located 
at  the  top of this  section. The bulk of the t i s sue  cons i s t s  o f  
the fibrous s t r oma  located between the epi thel ia l  l ayer  and  
the one cell th ickness  of  endo the l ium at  the  bo t tom of the 
section. 

separate the scleral lipids was made by Krause in 
1934 (3) who showed that although the selera is not 
a lipid-rich tissue (0.62% of the fresh tissue), it 
nevertheless contains a complex mixture of Iipids 
with glyeerides and phospholipids predominating. 

Cornea 
The eornea is a t ransparent  s tructure that covers 

the front  of the eyeball and comprises the remaining 
]7~: of the eye's outer covering (Fig. 1). I t  is a 
fibrous structure like the sclera, but  its collagen 
bundles are organized into well-defined lamellae in 
the central portion. This stromal layer is the thickest 
portion of the cornea and is sandwiched between a 
lnulticellular layer of epithelium and a unicellular 
layer of endothelium (Fig. 2). The stroma and 
endothelium are separated from each other by an 
acellular s t ructure known as Deseemet's membrane. 
This layer is composed of an orderly lattice of fibers 
with a periodicity of 1000A (4,5) and may contain 
lipoproteins (6). 

The most common disease of the cornea, areus senilis, 
is characterized by the appearance of an infiltrate of 
cholesterol and cholesterol esters (7) which forms a 
ring around the corneal periphery (Fig. 3). The 
lipoidal material is usually concentrated in two wedge- 
shaped areas of the stroma adjacent to the epithelium 
and to Deseemet's membrane and is readily demon- 
strated by staining with Sudan I I I  (Fig. 4). 

A similar lesion can be experimentally induced in 
the rabbit (8) by the feeding of cholesterol and 
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Fro .  3. Gross  a p p e a r a n c e  of  a r e a s  s en i l i s  o f  t he  cornea .  The  
a r r o w  p o i n t s  to  t he  r i n g  of  l i p o i d a t  m a t e r i a l  t h a t  c h a r a c t e r i z e s  
t h i s  c o m m o n  d i sease .  

p robably  occurs as a result of an infiltration of the 
lipid ra ther  than  a degenerative process (9). The 
simultaneous feeding of fa t  produces a greater  degree 
of lipoidal infiltration (10). The experimental  areas 
of the rabbi t  unlike that  of the human, reportedly 
contains only a small amount  of cholesterol (11-16).  
However,  this conclusion is suspect since it is based 
on nonquant i ta t ive histoehemical evidence. 

Another disease of the cornea is the so-called lipoidal 
dystrophy,  characterized by the occurrence of a f a t ty  
plaque in the cornea. Cogan and Kuwabara  (17) re- 
ported that  such lesions occur predominant ly  in pa- 
tients with hypercholcsteremia when the normal ly  
avascu]ar cornea has become vascularized. I t  can be 
experimental ly induced in rabbits under  similar con- 
ditions. Indeed, earlier workers had established tha t  
cholesterol esters can precipitate in large masses in 
the human cornea dur ing hypercholesteremia (18-27),  
al though this is not always a necessary consequence 
of this condition (28). I t  still remains to be deter- 
mined whether there is a causal relationship between 
such lipoidal deposition in the cornea and serum lipid 
levels or whether some other factor such as the corneal 
vascularization mentioned by Cogan and Kuwaba ra  
is necessary for such a lesion to form. 

The human  corneal lipids were par t ia l ly  separated 
by  Andrews (7) who demonstrated that  the neutra l  
lipids predominated and in arcus senilis were elevated 
in concentration. A similar conclusion was reached 

TABLE I 
LipoidaI Composition of Human Cornea a 

Lipid class % o f  Total 

Neutral lipids 34.1 
Gangliosides 16.1 
Sphingomyelin 24.3 
Phosphatidyl choline 2.2 
Phosphatidyl ethanolamine 0.7 
Phosphatidyl serine 5.0 
Acidic lipids 13.0 
Unidentified polar lipids 4.6 

100.0 

a Based on pooled extracts of 15 normal human corneas removed at 
autopsy. Average dry weight of cornea is 21.76 rag. Reliable wet 
weights were not obtained. The average total lipid content per cornea 
was 1.08 mg. 

by Tschetter (29), but his analytical  data  are ques- 
tionable because of the extreme var ia t ion in triglyc- 
eride concentration (216-3517 7 /pa i r  of corneas) that  
he obtained. The average neutral  lipid concentration 
of human cornea obtained in our laboratory (30,31) 
is in excellent agreement with Andrew's  data. The 
total lipid concentration that  we obtained (Table I )  is 
considerably higher because of the occurrence of the 
gangliosides which both Andrews and Tschetter failed 
to observe and because of a higher yield of other polar  
lipids. 

The cornea is one of the few ocular tissues capable 
of synthesizing a lipid. Andrews and Kuwabara  (32) 
reported that  the rabbit  cornea synthesizes triglyc- 
erides in vitro f rom either sodium oleate or glucose in 
the presence of serum. In  a later study, Andrews (33) 
showed that  the calf cornea synthesized both sterols 
and f a t ty  acids from glucose and acetate. The demon- 
strat ion of the presence of lipogenic enzymes in the 
cornea is of interest in view of the occasional sugges- 
tion that  a defect in corneal lipid metabolism may  
cause the formation of corneal lipid deposits. Hope- 
fully, additional studies will answer this question. 

Aqueous Humor 
The posterior face of the cornea is bathed in a fluid 

medium known as the aqueous humor. I t  is not a 
tissue and its l ipid components are confined pr imar i ly  
to minute quantities of steroids (34) and lipoproteins 
(35). Normal  aqueous humor contains no cholesterol 
(36) and only in rare cases of cholesterolosis bulbi 
(37) are cholesterol crystals seen to aeemnulate (Fig. 

FIG. 4. M i c r o s c o p i c  s ec t ion  t h r o u g h  a h u m a n  c o r n e a  w i t h  
a r e a s  sen i l i s .  The  l i p o i d a l  d e p o s i t s  a re  seen  as  d a r k l y  s t a i n e d  
a reas .  ( R e p r o d u c e d  by  p e r m i s s i o n  f r o m  M. J .  H o g a n  a n d  
L.  E.  Z i m m e r m a n ,  " O p h t h a l m i c  P a t h o l o g y , "  2nd  E d i t i o n ,  W.  It .  
S a u n d e r s  Co., P h i l a d e l p h i a ,  P a . ) .  

FIG. 5. C h o l e s t e r o l o s i s  b u l b i  o f  the  a n t e r i o r  c h a m b e r .  The  
dense  w h i t e  d e p o s i t  in  the  l o w e r  q u a d r a n t  o f  the  eye  is  an  
a c c u m u l a t i o n  of  c h o l e s t e r o l  c r y s t a l s .  The  f lecks  above  the  
d e p o s i t  a re  c r y s t a l s  o f  c h o l e s t e r o l  s u s p e n d e d  in  the  aqueous  
h u m o r  ( C o u r t e s y  Dr .  O l ive r  D a b e z i e s ) .  
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5). In  the i l lustrated case (courtesy Dr. Oliver 
Dabezies) the aqueous humor  was aspirated f rom the 
anter ior  chamber of the eye and the presence of 
cholesterol was determined by chemical analysis. The 
pat ient  ul t imately lost the eye. Af te r  its removal, 
it was found that  cholesterol crystals had also ac- 
cumulated in the subretinal  fluid. 

At tempts  to t reat  such cases by aspirat ion of the 
crystals have not been successful. In  one case (report  
of Dabezies) as many  crystals were present  on the 
day  following aspirat ion as there were initially. I t  
is noteworthy that  most cases of eholesterolosis bulbi 
have a history of concussive in ju ry  to the eye accom- 
panied by intraocular  hemorrhage. This suggests tha t  
the cholesterol is a residue remaining af ter  the dis- 
solution of the hemorrhage. However, this mechanism 
does not explain the abundant  recurrence of the crys- 
tals within 24 hr af ter  aspiration. 

Iris 

The iris is a heavily pigmented tissue located be- 
tween the cornea and the lens. By  al tering the diam- 
eter of its central ly located aper ture  (pupil)  it controls 
the intensity of light passing into the eye. Excep t  
for histological evidence for the occurrence of Sudan- 
ophilic mater ial  in the iris in cases of areus senilis, 
there is no discrete pathology in which lipids accum- 
ulate in the tissue. Very little is known of the lipid 
composition of this tissue. Aenggard  and Sanmelsson 
reported (38) the occurrence of a prostaglandin in the 
iris which may  be the "ir in" that  Ambaehe (39) has 
shown to function in pupi l la ry  constriction. 

Lens 

The lens is an ellipsoid s t ructure  that  has no vascular  
or nervous system. I t  is located behind the iris (Fig. 
1) and held in place by t iny eollagenous fibrils known 
as zonules that  press it against  the face of the vitreous 
body. 

The cellular architecture of the lens consists s imply 
of a monoccllular layer of epithelial cells that  cover 
only the anter ior  face and of lens fibers. These fibers 
lie beneath the epithelial layer and are orientated in 
an antero-posterior direction. The whole s t ructure  is 
contained within an ace]lular, collagenous capsule. 

The lens fibers that  constitute the core of the tissue 
are differentiated f rom superficial ectoderm during 
the development of the fetus. Subsequent to birth, 
these cells undergo fu r the r  changes that  result in a 

F i n .  6. G r o s s  a p p e a r a n c e  o f  a t y p i c a l  c a t a r a c t  s h o w n  h e r e  
a s  a d e n s e  w h i t e  a r e a  i n  t h e  c e n t e r  o f  t h e  p u p i l .  T h e  l a r g e  
w h i t e  a r e a  a t  o n e  s i d e  i s  a l i g h t  r e f l e c t i o n .  

P A T H O L O G Y  O F  T H E  E Y E  

T A B L E  I I  
Sterol Content  of the L e n s  ~ 
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Specie 

mg  s t e r o l / g  wet  wt .  

No. W e t  Des-  
Ana-  ~Vt, Cho!es- mos- 
lyzed g terol  terol 

Norma l  h u m a n  25 0.190 4.18 0 
T r i p a r a  nol- t reated h u m a n  9 0.187 4.15 0 
Seni le  ca t a r ac t s  200 0.196 4.93 0 
R a t  ( age  4 w k )  20 0.021 0.45 0.04 
R a t  ( age  9 w k )  10 0.032 0.46 t race  
R a t  ( age  9 wk,  fed  0 . 1 %  

t r i p a r a n o l  for  4 w k )  10 0.031 0.44 0.02 
R a t  ( age  20 w k )  10 0.049 0.52 0 
R a t  ( age  20 wk,  fed 0 . 1 5 %  

t r i p a r a n o l  for  81 days  4 0.047 0.46 0 
R a t  ( a g e  2 v r )  6 0.059 0.63 0 
Rabb i t  ( age  4 .5 -5 .5  k g )  150 0.540 0.71 0 
Bovine  ( age  I y r )  80 1.390 0.65 0 

a~Vork  done in col laborat ion w i t h  J .  F. R.  Kuck ,  J r . ,  Dept .  of 
Ophthalmology,  E m o r y  Un ive r s i ty ,  School of Medicine,  At lanta ,  Georgia .  

loss of both their nuclei and mitochondria.  This cen- 
t ral  portion of the lens is designated as the nucleus. 
I t  is surrounded by other fibers tha t  constitute the lens 
cortex. Unlike the cells of the nucleus, cortical cells 
contain subeellular particles. 

The lipids are int imately involved in cataract,  the 
only disease of the lens. Cataract  is characterized by 
an opacification (Fig. 6) which f requent ly  results f rom 
the death of the lens fibers. Since there is no vascular  
system in the lens, there is no phagoeytosis. Con- 
sequently, cellular debris remains in place, t rapped  
there by the live cells around it. 

For  many  years it was believed that  cataract  was 
an accumulation of cholesterol (40). The human lens 
is normal ly  rich in cholesterol (Table I I ) ,  a fact  
known to the ophthalmologists since the ear ly 1800's. 
Most of the early studies showed a marked increase 
in cholesterol concentration in cataracts,  but  by the 
1960's there were sufficient reports  to the contrary  so 
that  the relationship of cholesterol to the disease was 
questionable. 

In  1965, Fe ldman and Fe ldman  (41) reported the 
occurrence of a l ipid-protein complex in human lens 
and demonstrated that  a breakdown of the complex 
occurs in cataracts. The disease does not alter the 
total lipid content of the lens but only affects the 
distribution of the lentieular lipids between protein 
bound and unbound forms. When the amount  of pro- 
tein bound lipid is reduced, there is a concomitant 
increase in the amount  of unbound lipid (Table I I I ) .  
I t  therefore seems highly probable tha t  the increase 
in cholesterol content of eataractous lenses reported by 
earlier investigators was actual ly an analysis of the 
increase in unbound sterol as a result of the breakdown 
of the complex ra ther  than an analysis of total  sterol 
which is unchanged. 

The decrease in the amount  of protein-bound lipid 
is similar to an observation reported by Efe t  (42) 

T A B L E  I I I  
Distr ibut ion of Lipids  in  N o r m a l  a n d  Ca t a r ac tous  H u m a n  Lenses  a 

% of Total  l ipid 
Form of 

occur rence  N o r m a l  C a t a r a c t  

Unbound  fo rm 
Neu t ra l  l ipids 
Po l a r  l ipids 

Proteol ip id  f o r m  
Neu t ra l  l ipids  
Po l a r  l ipids 

25.0 35.5 
8.4 22.1 

25.8 14.9 
40.8 27.5 

100.0 100.0 

a Based  on pooled ex t rac t s  f r o m  120 ca t a r ac tous  lenses and  25 n o r m a l  
lenses. A v e r a g e  l ipid content  of the  two g r o u p s  is 4.76 r a g / n o r m a l  
lens and  4.62 m g / e a t a r a c t o u s  lens. The a v e r a g e  ag~ of the  no rma l  
g roup  was  62 yea r s  whe rea s  the ca t a r ac tous  g roup  was  60 years .  The 
sl ightly h ighe r  l ipid content  of the  no rma l  g roup  is probably  due to 
th is  age  different ial .  
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tha t  the lens contains "l ipoproteins" and that  in 
cataracts  the cholesterol content of an insoluble frac- 
tion ( that  might  be proteolipid which is insoluble in 
water, but  soluble in organic solvents) decreases with 
a corresponding increase in the cholesterol content of 
a water-soluble lens protein. Efe t  also found a 1.5 
fold increase in total lentieular sterols in senile catar- 
acts (42). We have found no such difference between 
senile cataracts  and normal lenses of the same age. 
This lack of agreement may be due to the fact  that  
Efe t ' s  control group was much younger than his 
cataraetous group. Since the human lens normally in- 
creases in cholesterol concentration by approximate ly  
10 ~ g per  year  (43), the difference tha t  he observed 
could be due to age and not the disease. Some of Efe t ' s  
later studies with human cataracts fronl electrical 
shock (44) and experimental ly-induced cataracts in 
rabbits (45) indicated the same change in distribution 
of cholesterol between the two lentieular proteins, but 
unlike senile cataracts,  there was no increase in total 
cholesterol. The control groups were of the same age 
as tile eataraetous group in these two studies. Thus, 
the fai lure to observe an increase in total cholesterol 
in these cases could reflect their similari ty in age 
ra ther  than a difference in etiology of the disease as 
Efe t  suggested. 

Cholesterol crystals (Fig. 7) are occasionally seen 
in the lens (46). This condition differs from the more 
common eholesterolosis bulbi in that  it occurs without 
a previous history of concussive injury.  

Attention was once again drawn to lentieular choles- 
terol following reports of cataract  in patients  t reated 
with t r iparanol  (MER-29) to control hypercholes- 
teremia (47-50). The drug inhibits the conversion 
of desmosterol to cholesterol (51). The decrease in 
serum cholesterol is usually accompanied by an in- 
crease in desmosterol (52), which led Minton and 
Bounds (50) and yon Salhnann et al. (53) to suggest 
that  desmosterol may  increase in the t r iparanol-  
induced lesion. We found no such increase in a group 
of eataraetous lenses f rom patients t reated with ~[ER- 
29 (Table I I ) .  However, since the lesion appeared in 
most cases af ter  withdrawal  f rom the drug, it is pos- 
sible tha t  the desmosterol was depleted before the tissue 
was analyzed. 

I t  is noteworthy that  the lenses of immature  rats  
contain desmosterol (Table I I )  that  disappears as the 

animal ages. Tr iparanol  delays this depletion, but  has 
only a small effect on the lentieular cholesterol con- 
centration even af ter  81 days of feeding (Table I I ) .  
The blood serum, adrenals and livers of the t r iparanol-  
fed animals all contain large amounts of desmosterol 
which becomes evident as early as 48 hr af ter  drug  
feeding is begun. I t  thus appears  that  the ingestion 
of t r iparanol  does not produce an aecmnulation of 
lenticular desmosterol in the rat.  Moreover, none of 
the animals developed cataracts. 

Von Sal lmann et al. (5:3) reported in an earlier 
s tudy that  a diet supplemented with 0.10% t r iparanol  
induced cataracts  in rats  in f rom 10 days to 16 weeks 
of feeding. However, this s tudy did not involve chem- 
ical analyses of the tissues, was without a control group 
fed the unsupplemented diet and was fur ther  com- 
plicated by a high, unexplained death rate among the 
animals dur ing the first weeks of the experiment.  We 
failed to induce cataracts with 50% higher levels of 
t r iparanol  feeding of rats  for approximate ly  the same 
length of t ime that  these authors reported. Fur the r -  
more we found no sueh high early morta l i ty  in our 
studies. Thus the conclusion is questionable that  the 
drug is eataraetogenie to the ra t  when administered as 
a dietary supplement.  Moreover, t r iparanol  feeding 
did not lead to an accumulation of desmosterol in the 
lens as it did in other tissues. Thus yon Sal lmann's  
report  of cataract  induction in rats fed t r iparanol  may 
have been related to the unexplained illness in the ra t  
colony. The eataraetogenie nature  of this drug in 
the human is equally questionable. 

The lipids of the hmnan lens, in addition to an 
abundance of cholesterol, contains large amounts of 
sphingomyelin, gangliosides and neutra l  glyeolipids 
(41,54-57). The composition of the mixture  is shown 
in Table 1V. I t  is par t icu lar ly  interesting to compare 
the similari ty of this analysis with that  of the cornea 
(Table I ) .  Most of the lipids occur in the membranes 
of the lens fibers (58). The sphingolipids are sa turated 
and chemically stable compounds, whose occurrence 
in these membranes probably lends them s t ructura l  
strength. 

Triglycerides are a minor component of lentieular 
lipids eonsti tuting approximate ly  174 -/ in an adult  
human lens. Unlike cholesterol, which increases with 
age, the lentieular triglyeerides are diminished in con- 
centrat ion in older age groups (59). In  the gas chro- 
matographic  analysis of these compounds, a group of 
peaks elute that  could be short chain triglycerides 
(60). I t  is possible tha t  the lens slowly degrades its 
triglycerides and that  this results in the lowered con- 
centrat ion associated with aging. However,  there is no 
evidence to support  this contention other than the 
diminution of concentration. 

FIG. 7. G r o s s  a p p e a r a n c e  o f  c h o l e s t e r o l  c r y s t a l s  in  t he  l ens .  
T h e  p a t i e n t ,  a 7 4 - y e a r - o l d  N e g r o  w o m a n ,  h a d  a c a t a r a c t  in  t h e  
o t h e r  e y e  a n d  is  d i a b e t i c .  T h e  c r y s t a l l i n e  d e p o s i t  does  n o t  
a d v e r s e l y  a f f e c t  h e r  v i s i o n  n o r  does  i t  i n t e r f e r e  w i t h  h e r  o c c u p a -  
t i o n  a s  a s e a m s t r e s s .  A n a l y s i s  o f  t h e  b l o o d  s e r u m  s h o w e d  
t h e  c h o l e s t e r o l  c o n c e n t r a t i o n  to  b e  w i t h i n  n o r m a l  l im i t s .  

TABLE IV 

Lipoidal Composition of Normal I~uman Lens a 

Lipid class % of Total 

Neutral  lipids 50.9 
Gangliosides 5.4 
Sphingomyelin 26.8 
:Phosphatidyl choline 1.1 
:Phosphatidyl ethanolamine 3.5 
Phosphat idy]  serine 1.3 
Phosphat idyl  inositol 4.8 
Phosphat idic  acid 2.0 
Unidentified polar  lipids b 4.2 

100.0 

Based on pooled extract  of 25 normal  h u m a n  lenses. Average wet 
weight of 190 mg, average dry  weight  of 65 rag, average total lipid 
content is 4.76 rag. 

b :Primarily composed of ceramide dihexoside tha t  has not been 
quant i ta t ively isolated (56) .  
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]Pze~. 8. Cells of the cortical vitreous. The heavily staining 
granules of these remarkable tells are rich in lipids. The 
cells are extremely difficult to isolate and photographs such 
as this are very rare. 

Vitreous Body 
A p p r o x i m a t e l y  two t h i r d s  of the  eyebal l ' s  volume 

is fi l led wi th  the  t r a n s p a r e n t ,  ge la t inous  v i t reous  body  
which  lies d i r e c t l y  beh ind  the lens and  iris.  I t s  s t ruc-  
t u r e  is not  comple t e ly  defined a l t h o u g h  the ex i s t ing  
evidence shows i t  to consis t  of a m a t r i x  of col lagen 
f ibri ls  embedded  in a gel of h y a l u r o n i c  acid  (61) .  
V i t r e a l  cells p r i m a r i l y  occur  in the  a rea  in f ron t  
of the  re t ina .  These cells a re  h igh ly  mobile,  amoeboid  
in n a t u r e  a n d  con ta in  l a rge  masses of cy top lasmic  
g ranu les ,  some of which con ta in  l ip ids  (F ig .  8). The 
f u n c t i o n  of the  v i t r e a l  cells is unknown.  However ,  
they  are  capab le  of syn thes iz ing  h y a l u r o n i c  ac id  and  
m a y  f u n c t i o n  as the  source of th is  m a t e r i a l  for  the  
v i t r eous  body.  On ly  1% of the  v i t reous  body  is com- 
posed of d r y  ma t t e r ,  mos t ly  h y a l u r o n i c  ac id  a n d  pro-  
rein. F o r  th is  reason,  the  occur rence  of vis ible  l ipo ida l  
depos i t s  or a n y  opaque  p a r t i c u l a t e  m a t t e r  in v i t r e a l  
p a t h o l o g y  is a r a t h e r  s t r i k i n g  fea ture .  One of the  most  
d r a m a t i c  of such pa tho log i ca l  condi t ions  is as te ro id  
hya l i t i s  (F ig .  9).  I n  th is  disease the  v i t r eous  body  
conta ins  n u m e r o u s  smal l  pa r t i c l e s  whose gross ap-  

FIG. 9. Gross appearance of a typical ease of asteroid 
hyalitis. The white particles scattered throughout the vitreous 
body remind one of the stars in the Milky Way and hence 
the name "asteroid" hyalitis (Reproduced by permission from 
M. J. ttogan and L. E. Zimmerman, "Ophthalmic Pathology," 
2nd Edition, W. B. Saunders Co., Philadelphia, Pa.). 
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FIG. 10. Cholesterolosis bulbi of the vitreous body. This 
pathological condition is characterized by localized deposits of 
cholesterol that are readily observed under polarized light as 
shown in the lower figure. The transparency of the vitreous 
body makes visualization difficult under ordinary light as seen 
in the upper figure. There is some question of whether the 
deposit is cholesterol, eholesteryl esters or both (Reproduced by 
permission from M. J. Hogan and L. E. Zimmerman, "Ophthal- 
mic Pathology," 2nd Edition, W. B. Saunders Co., Philadelphia, 
Pa.). 

p e a r a n c e  can be l ikened to s t a r s  in the  sky  and  have 
the desc r ip t ive  t e r m  "a s t e ro id"  hyal i t i s .  

A l t h o u g h  a s t e ro id  bodies a re  r e a d i l y  s t a ined  by  the 
l i p id  s ta ins ,  t hey  are  insoluble  in most  o rgan ic  sol- 
vents.  Vcrhoeff  (62) sugges ted  in 1921 t ha t  these 
pa r t i c l e s  m a y  be composed of ca lc ium sal ts  of f a t t y  
acids.  However ,  s tudies  f rom our  own l a b o r a t o r y  (63) 
have shown t h a t  the  as te ro ids  do not  con ta in  ca lc ium 
sal ts  of f a t t y  acids,  b u t  ins tead  are  composed p r i m a r i l y  
of sph ingomye l in ,  ee ramide  d ihexoside ,  t r aces  of eere- 
bros idc ,  choles terol  and  choles terol  esters.  The ap-  
p a r e n t  i n so lub i l i t y  of the  i n t ac t  as te ro id  bodies is 
p r o b a b l y  due to a p r o t e i n  component .  

Cholesterolosis  bu lb i  also occurs  in the  v i t r eous  body  
(F ig .  10).  This  condi t ion  is cha rac t e r i zed  b y  local ized 
depos i t s  of cholesterol  t ha t  a re  seen as b i r e f r i n g e n t  
c rys t a l s  when examined  u n d e r  po la r i zed  l ight .  The 
occur rence  of eholesterolosis  bu lb i  f r e q u e n t l y  fol lows 
o ther  ocu la r  disease such as t r a u m a ,  h e m o r r h a g e  or 
in f lammat ion .  

There  is v e r y  l i t t l e  l ipo ida l  m a t e r i a l  in  the  v i t r eous  
body  a n d  i t  is p robab le  t h a t  w h a t  does occur  is de r ived  
f rom the v i t r ea l  cells. L o h m e y e r  (64) in  1854 was the  
first  to r e p o r t  the  occur rence  of v i t r e a l  l ip ids .  I n  1909, 
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Valentin (65) reported that  the equine vitreous con- 
tained free cholesterol, cholesteryl esters, glycerides, 
choline phosphatides and fa t ty  acid salts. Later  studies 
of the bovine vitreous body by Jess (66) were essen- 
tially in agreement with Valentin's work, except for 
the observation that  cholesteryl esters do not occur 
in the bovine vitreous body. These qualitative findings 
were confirmed by other investigators (36,67,68), but  
there is a lack of agreement on the concentration of 
vitreal lipids except that  it is very low. 

Much of the work on vitreal lipids has been con- 
eerned with the lipoidal deposits that  occur in vitreal 
pathology (69-72). The relationship of these deposits 
to other ocular diseases was recognized as early as 
1918 (69). Subsequent studies confirm this observa- 
tion, but  add little to our knowledge of either the 
chemical composition of the vitreal deposits or the 
mechanism for their formation. Regrettably, this area 
of investigation has not been pursued by contemporary 
investigators. 

Retina 

Most of the inner surface of the eye is covered with 
the highly organized cellular s t ructure of the retina 
that  extends rearward from a point posterior to the 
base of the iris (Fig. 1). We recognize the occurrence 
of two discrete and morphologically different portions 
of the retina. The inner portion is composed largely 
of rods and cones and constitutes the sensory retina. 
I t  in tu rn  is composed of nine different layers that  
are all interconnected by broad contact between neural 
components and by a system of special supporting 
fibers (Fig. 11). The outer portion of the retina con- 
stitutes the pigment epithelium. 

The preponderance of neural elements in the retina 
makes it very  much like brain. This similarity is also 
seen in the large amount of lipid contained in the 
retina. Most of the work with retinal lipids has been 
concerned with the sensory layers and in par t icular  
with their Vitamin A content which is related to the 
visual process. This subject has been the basis for 
numerous reviews and is thoroughly docmnented in 
most modern textbooks of physiology. The most recent 
review may be found in "Biochemistry of the Retina," 
edited by Clive N. Graymore, Academic Press, New 
York, 1965. See also reference 93, pp. 196-204. 

Fro. 11. Microscopic section t h r o u g h  the normal  h u m a n  
ret ina .  The uppe r  pa r t  of  the section is the  a rea  a d j a c e n t  
to the inside of the eyeball.  L i gh t  r ays  pene t ra t e  t h rough  the 
re t ina  to i ts  p i g m e n t  epi thel ium.  I t  is a fibrous area  located 
direct ly above the  heavy black deposi ts  in the  middle  of  the  
pho tograph .  The deposi ts  occur in the choroid and  are  p igmen t ,  
charac te r iz ing  th is  spec imen as hav ing  come f rom a Negro.  

2 } 

~'~IG. 12. A typica l  case of d iabet ic  r e t inopa thy .  The photo- 
g r a p h  above i l lus t ra tes  the ear ly s t ages  of  the  disease in 
which micro a n e u r y s m s  occur in the  re t ina l  blood vessels  
( a r row) .  These  become occluded and  su r rounded  by l a rge  
a m o u n t s  of  l ipoidaI ma te r i a l  t h a t  exude f rom the  closed-off 
blood vessel as shown in the lower p h o t o g r a p h  at  h igher  
magnif ica t ion .  

I t  is not surprising that  such a lipid-rich tissue will 
f requently demonstrate localized accumulations of 
lipoidal material that  has been liberated from dead 
cells. In retinal  degeneration associated with diabetes 
for example, the work of Ashton (73) has shown that  
the retinal blood vessels develop mieroaneurysms 
(Fig. 12) which at full  development are surrounded 
by a lipid-rich exudate composed of mucoprotein and 
glyeolipids (74,75). 

The classical sphingolipidoses such as Tay-Sachs 
disease and Niemann-Pick disease are characterized 
by retinal changes. These usually parallel the brain 
changes associated with the diseases. A detailed de- 
scription of the lipoidal degeneration that  occurs in 
the retina in the sphingolipidoses may be found else- 
where (1). 

Particles that are similar in appearance to asteroid 
bodies are sometimes seen in the area between the 
sensory ret ina and pigment epithelium (Fig. 13). 
These particles are often referred to as subretinal 
asteroids. Unlike the asteroids, these particles are 
readily soluble in alcohol and chloroform. 

The lipids from two eases of subretinal particles 
were analyzed in our laboratory by thin-layer chroma- 
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Fro. 13. Gross appearance of a case of subretlnal  particles. 
The cut edge of the selera can be seen as a white, curved band 
at the bot tom of the photograph.  The ret ina has detached 
and lies in a fold at the top center of the photograph.  The 
particles are copiously located in the subret inal  space and 
appear  as fluffy masses of crystalline material  readily soluble 
in chloroform. 

tography (TLC) and compared with the lipids of 
asteroid hyalitis (63). The subretinal particles appear 
to originate from small pieces of pigment epithelium. 
This can be seen by the formation of localized depig- 
mented outeroppings (called drusen) on the inner 
face of the pigment epithelium (Fig. 14) which then 
are released to become the subretinal particles. A TLC 
analysis of lipids from the pigment epithelium estab- 
lished that  it was predominantly cholesteryl esters, a 
previously unreported fact. Thus, the implication that  
subretinal particles arise from the pigment epithelium 
is at least a reasonable hypothesis since the two are 
chemically similar. Additional s tudy is needed to 
ver i fy  this contention. 

The retinal lipids have been the subject of investiga- 
tion since 1879 when Kuhne (76) isolated lecithin from 
frog retina. Two years later Cahn reported the oc- 
currence of lecithin in the retinas of cattle, pigs and 
horses (77). Subsequent investigators confirmed the 

Fro .  14. Gross  a p p e a r a n c e  of  d r u s e n  on t he  r e t i n a l  p i g m e n t  
e p i t h e l i u m .  T h e  cu t  edge  of  the  s c l e r a  can  be  seen a t  t he  
b o t t o m  of  the  p h o t o g r a p h  w h i c h  is o r i e n t a t e d  f o r  c o m p a r i s o n  
w i t h  the  p r e v i o u s  f igure .  I t  is b e l i e v e d  t h a t  the  s u b r e t i n a ]  
p a r t i c l e s  a r e  d e r i v e d  f r o m  these  d r u s e n  wh ich  b e c o m e  de- 
p i g m e n t e d  a n d  t h e n  b r e a k  loose f r o m  the  p i g m e n t  e p i t h e l i u m  
to become the particulate masses seen in the previous photo- 
graph. The particles, drusen and pigment epithelium are very 
rich in cholesteryl esters, suggesting a relationship in origin. 

lipid rich nature  of the tissue and in particular,  the 
abundance of choline containing phosphatides (78- 
91). 

For  many years it was believed that  the retina 
contained only lecithin and cholesterol. However, in 
1944, B5ck (81) demonstrated a strong Sehiff's posi- 
tive reaction in human ocular tissue including retina. 
He interpreted this to indieate the presence of plas- 
malogens, but in view of reports of the occurrence 
of glycolipids in the retina (86,88-90), it seems more 
likely that the aldehyde groups of the carbohydrate 
moieties of these compounds were responsible for the 
phenomenon that  lie observed. 

Much of the retinal lipid (in addition to Vitamin A) 
occurs as rhodopsin, which Krinsky (92) suggests is 
a lipoprotein. He points out that there are approxi- 
mately 20 phospholipid residues per mole of rhodopsin. 
Rhodopsin has a molecular weight of 36,000-41,000 
(93). This, together with its high lipoidal content 
and solubility in organic solvents, suggests however 
that it is a proteolipid rather  than a lipoprotein. 

The outer segments of the rods are par t icular ly  
rieh in lipids (94). When expressed on the basis of 
mg lipid phosphorous per 100 g wet weight of tissue, 
this portion of the retina contains over three times 
as much phospholipid (320.0) as the whole ret ina 
(92.5). Although these data may be inaccurate, they 
strongly suggest that  the rod outer segments rank 
among the richest in lipids of the body tissues. 

Reliable quantitat ive values for the retinal lipid 
composition are lacking. The existing l i terature is 
based on a variety of species and an ar ray  of strictly 
qualitative analytical procedures. Data on the human 
tissue is almost nonexistent. This is true not only for 
retina, but  for  all ocular tissues. This review points 
out defieienees that exist in our knowledge of ocular 
tissue lipids. Hopefully,  it provides the basis for new 
research made promising by utilizing the superb 
analytical procedures now available. 
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